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(57) ABSTRACT

A rechargeable battery having improved supporting force of
a lead tab and fastening force between the lead tab and an
clectrode terminal. A rechargeable battery according to an
exemplary embodiment includes an electrode assembly
formed by winding positive and negative electrodes formed at
both sides of a separator together with the separator, a case
housing the electrode assembly therein, a cap plate sealing an
opening at one side of the case, an electrode terminal formed
in a terminal hole of the cap plate, and a lead tab connecting
the electrode terminal and the electrode assembly in the case.
The electrode terminal includes an mnner terminal plate
formed at an 1nner side of the cap plate and a main coupling
protrusion and a first auxiliary coupling protrusion protruding
from the 1nner terminal plate and respectively coupled to a
first fastening hole and a second fastening hole of the lead tab.

11 Claims, 6 Drawing Sheets

IR r
Y. e fo
441 e RN AR LT
r s At
. s v .
g
o

IIIIIIIIIIIIIIIIIIIIIIIIIII

-]
fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff
|

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

] 1
HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH
|

IIIIIIIIIIIIIIIIIIII
\\\\\\\\\\\\\\\\\\\\
1 1

IIIIII
fffffff
IIIIII

H;’;’fﬁfﬁfﬁ;’fﬁr‘fﬁfﬁ'f?ﬁ

R R A A R R A R AR A A




US 8,501,346 B2
Page 2

(56) References Cited

OTHER PUBLICATTONS

KIPO Notice of Allowance dated Mar. 2, 2012, for Korean priority

Patent application 10-2010-0047714, 5 pages.

Japanese Notice of Allowance dated Mar. 5, 2013, for corresponding
Japanese Patent application 2011-036115, (2 pages).

Patent Abstracts of Japan, and English machine translation of Japa-
nese Publication 08-096777, (8 pages).

Patent Abstracts of Japan, and English machine translation of Japa-

nese Publication 2000-138055, (10 pages).

Patent Abstracts of Japan, and English machine translation of Japa-
nese Publication 2004-207089, (18 pages).
Patent Abstracts of Japan, and English machine translation of Japa-
nese Publication 2004-253295, (22 pages).
Patent Abstracts of Japan, and English machine translation of Japa-
nese Publication 2008-066254, (16 pages).
Patent Abstracts of Japan, and English machine translation of Japa-
nese Publication 2008-251213, (12 pages).
SIPO Office action dated May 22, 2013, with English translation,
corresponding to Chinese Patent application 201110069725.2, (13

pages).

* cited by examiner



U.S. Patent Aug. 6,2013 Sheet 1 of 6 US 8.501,346 B2

FI1G.1

|

20 f /




US 8,501,346 B2

Sheet 2 of 6

Aug. 6, 2013

U.S. Patent

FI1(G.2

o~ A A A A AN A A A e
™) T S N TR S x
4 .....f.. | q._..n iy A 1
q...._._.q. _\\ —\\ .._..._ ll-ll...__.._.ul
HI.IIH i 14 =
yr... P ......_rlw I e llllllllj.\.. ._..._ .1.-_.. .r..,. \.-_\-
__w\_ if...k.lf,l.ﬂ\l JHIfrl.x.i.f.l
N [ S R ENE QNN |
~J m AN H aduN\uSudn d
s LA NHA -
. | /./. If.lx..l:,.,._ A1 I P I 1 N
. ENEgENN S joid
\\ A tf:mlflwhl h.x},f}ﬂi.f!
X ENEER RN HY RN
. N AT |&lﬂ|w\|ﬁ| s -
2 . W y ..r./.. ‘.._..._._ ...__..._. fr._ .r.f. l\lllrurlf...lll.l-l-2
. nAnENean ERRSANR
. -1, |./_|_HE| I.._.HL ..|._\_.xrr [ |
3 X;. AR NS N H4dEcEEENE
g - ] - L™ A
AN AR L NdEREANNE
1 lf]xxrn,.,_, AT —L T~ &Jf.i yd
s = HHCHA sdELEfENE
. .|1..,r;..|..._~1l r.l..__...._..l I___..._..lr.f_l — 1
™, b |u.|;;f1|a...|. ]._._‘.._.llf,.lw......_..f......_
: — ot —
JHN T
< D T T -
= Y1 in B - S —
r./, lw,.,*xx .,,.._lu.xx| |u.|r.r_ duike ._\.n
1TH TN - — LT
E s, . | ]
N A HAHNHH A
5 LA g |....r|_..x_|..,..,.l rd
N O AEREZENE
4 ,}.f- I.,....._ ..__...I ....,_H.....__....I H.\_._. ...f..l...nt;l...,.r
- SN SJINESRY -]
) 7 |,,,.,_Lnlf.|x - B4INESape
g AR TR
LD Nz Y ar
L | LT RT T ndBEEPENE
ENRGENN/E IR
/ |.1_/,_..l...__.__. - I.___..._.I. I_..._...__.T.ra!.l ._||_
,;f —HAH B g N - M
|//_|_._.u .;Jl...al... g B % xa.._lr.,._
_.f/..._r I......,.__.I_.....__. tl.......”..trq.__..l _.l._.,.__-.__.l..,._r .____.... .._.JI
5 I.J;l.x....l.rfuf..‘.\.i iﬂ_.xi. x._.\lz...ul_
3 .//f ll_fr..ll hu.lf”ﬁ_‘\xﬁ I_.___\..Ifarlﬂ..__..lf..rll_
I_..,.._..,.I_\.,..I_... _I\‘\_..l. I_.____..__..If_f..l._.\..._ll.:.._rl..._
N AR N
- B Hl BN 1 N |
) N nfE\n’ 1 flﬂ i Vrl.lk\.._l
~ L1 JM gRREY%
N H || ny j -
|.;...|.,.__...._“”....;,.I -~ I....__....IL...UI...H_........ ] _.\\.-
AHCENHAH EZENEQENE
— L H A 1NN
N HAHHH TR
—p— I_.-.f]-_,... |11 |._.H.|,._f|\__\__ 1|l.l|l.l.|..._.. ap—
hru ,I.f.],x_:..r H 1= o o I — p——
};Jl.x.xl.r,..” = _.!.Hi._,.... h..___,.”. .......l
]....Jll_..__._\ ......,.-l...__.....l_ .1....__|.,..._|.___.._. |
L A HE I_H_.I_.,..._IE ]
N haag b
ENEFENESE giENEdENE
EaNgnNaY ESENERNE
J...,.. .._._.._. L. _In.._.__._.l .._.H. i..... .._...._._ —.__.
o [ S Py TY  g - A
IJ..._.. _...__.I...r...:_I_H.._..__...1l| I...__.\..”._.. ...I_...__...._ll.“...l.._.
ENT\ ~ JENEVENE
R N . At
1 | ] =
‘I m o~ —
N N y -+~
RN
: . : i
L A




U.S. Patent Aug. 6,2013 Sheet 3 of 6 US 8.501,346 B2

FIG.3

P

111



U.S. Patent Aug. 6,2013 Sheet 4 of 6 US 8.501,346 B2

FIG.4

100




U.S. Patent Aug. 6,2013 Sheet 5 of 6 US 8.501,346 B2

FIG.S

200

441—




US 8,501,346 B2
s

5 || 3
= O .
AT NA L Lo
/ /.AJ ﬂ —
o NN N 'S , \\W ‘If «©
/ . D .
M M...u ”//,,,// //// // / y m
L N MO\ g - o
= G <t AN A LD
7% preed o / N ‘ o~
) T—
e 3 " T
s N
2 N
Z /” L
4 ) /7
Vs
|
& 5 S

U.S. Patent



US 8,501,346 B2

1
RECHARGEABLE BATTERY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims prionity to and the benefit of

Korean Patent Application No. 10-2010-0047714, filed 1n the
Korean Intellectual Property Office on May 20, 2010, the
entire content ol which 1s incorporated herein by reference.

BACKGROUND

1. Field

The described technology relates generally to a recharge-
able battery that improves fastening force of alead tab and an
clectrode terminal.

2. Description of the Related Art

A rechargeable battery includes an electrode assembly
tormed 1n a jelly roll shape by winding a positive electrode, a
negative electrode, and a separator. The rechargeable battery
turther 1includes: positive and negative electrodes formed at
both sides of the separator, a case housing the electrode
assembly, a cap plate sealing an opening of the case, an
clectrode terminal electrically connected (coupled) to the
clectrode assembly and protruding to the outside of the cap
plate through a terminal hole formed in the cap plate, and a
lead tab, respectively connecting (coupling) the positive elec-
trode and the negative electrode of the electrode assembly to
the electrode terminal.

The lead tab 1s coupled (e.g. fastened) to the electrode
terminal from an 1nner side of the cap plate by caulking and
welding. The lead tab coupled to the electrode assembly 1s
made of a thinner plate than the electrode terminal so that it
has a weak supporting force, and accordingly, the lead tab
may droop while being separated from the welded portion by
slight vibration. That1s, the lead tab may be bent at the welded
portion.

When the drooping or bending of the lead tab becomes
worse 1n the welded portion, the lead tab 1s separated from the
clectrode terminal at the welded portion so that the lead tab
and the electrode terminal are electrically disconnected. Par-
ticularly, when the lead tab connected (coupled) to the nega-
tive electrode 1s made of copper, the lead tab 1s more easily
drooped or bent at the welded portion with the electrode
terminal so that the lead tab may be easily separated from the
clectrode terminal.

The above information disclosed 1n this Background sec-
tion 1s only for enhancement of understanding of the back-
ground of the described technology and therefore it may
contain information that does not form the prior art that 1s
already known 1n this country to a person of ordinary skill 1n
the art.

SUMMARY

An aspect of an embodiment of the present invention 1s
directed toward a rechargeable battery that can improve the
supporting force of alead tab and the coupling (e.g. fastening)
force between the lead tab and an electrode terminal.

According to one or more embodiments of the present
invention, a rechargeable battery includes: an electrode
assembly including positive and negative electrodes at both
sides of a separator, wherein the positive and negative elec-
trodes are wound together with the separator, a case housing,
the electrode assembly therein, a cap plate sealing an opening,
at one side ofthe case, an electrode terminal 1n a terminal hole
of the cap plate, and a lead tab coupling the electrode terminal
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2

and the electrode assembly 1n the case including a connection
portion defining a first fastening hole and a second fastening
hole. The electrode terminal includes an 1nner terminal plate
formed at an 1nner side of the cap plate and a main coupling
protrusion and a first auxiliary coupling protrusion protruding
from the inner terminal plate, and wherein the main coupling
protrusion 1s coupled to the connection portion of the lead tab
via the first fastening hole, and the first auxiliary coupling
protrusion 1s coupled to the connection portion of the lead tab
via the second fastening hole.

The electrode terminal may further include a second aux-
iliary protrusion, and the connection portion of the lead tab
may further define a third fastening hole.

Themain coupling protrusion may be centered between the
first auxiliary protrusion and the second auxiliary protrusion.
The second auxiliary coupling protrusion may be coupled
to the connection portion of the lead tab via the third fastening
hole.

The first auxiliary coupling protrusion may be coupled to
the connection portion of the lead tab via the second fastening
hole by caulking or tight {itting.

The main coupling protrusion may be formed at a center of
the inner terminal plate and the first auxiliary coupling pro-
trusion may be formed between the main coupling protrusion
and an end of the cap plate.

The electrode terminal may further include an outer termi-
nal plate provided at an outer side of the cap plate and a
screw-thread portion coupled to the outer terminal plate.

The outer terminal plate and the screw-thread portion may
be made of the same material and may be welded to each
other.

The outer terminal plate and the electrode terminal may be
made of different materials and coupled to each other by
caulking.

The electrode terminal may further include a screw-thread
portion fastened by a nut provided at an outer side of the cap
plate.

The electrode terminal may further include at least another
auxiliary coupling protrusion, and the lead tab may further
define at least another fastening hole.

As described, according to the exemplary embodiment of
the present invention, the main coupling protrusion and the
first auxiliary coupling protrusion are provided at the inner
terminal plate of the electrode terminal and respectively
coupled to the first and second fastening holes of the lead tab
so that supporting force of the lead tab can be improved and
the fasteming force between the lead tab and the electrode

terminal can also be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects will become apparent and more
readily appreciated from the following description of the
embodiments, taken in conjunction with the accompanying
drawings of which:

FIG. 1 1s a perspective view of a rechargeable battery
according to a first exemplary embodiment of the present
imnvention;

FIG. 2 1s a cross-sectional view of FIG. 1, taken along the
line

FIG. 3 1s an exploded perspective view of an electrode
assembly and a lead tab;

FIG. 4 1s a cross-sectional view of a connection portion of
an electrode terminal and the lead tab;
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FIG. 5 1s a cross-sectional view of a connection portion of
an electrode terminal and a lead tab of a rechargeable battery

according to a second exemplary embodiment of the present
invention; and

FI1G. 6 1s a cross-sectional view of a connection portion of
an electrode terminal and a lead tab of a rechargeable battery
according to a third exemplary embodiment of the present
ivention.

DETAILED DESCRIPTION

Reference will now be made 1n detail to embodiments,
examples of which are 1llustrated 1n the accompanying draw-
ings, wherein like reference numerals refer to the like ele-
ments throughout. In this regard, the present embodiments
may have different forms and should not be construed as
being limited to the descriptions set forth herein. Accord-
ingly, the embodiments are merely described below, by refer-
ring to the figures, to explain aspects of the present descrip-
tion.

FIG. 1 1s a perspective view ol a rechargeable battery
according to a first exemplary embodiment of the present
invention and FI1G. 2 1s a cross-sectional view of FIG. 1, taken
along the line II-11. Referring to FIG. 1 and FIG. 2, a recharge-
able battery 100 of the first exemplary embodiment includes
a case 20 housing an electrode assembly 10 therein, a cap
plate 30 sealing an opening formed at one side of the case 20,
clectrode terminals 41 and 42 provided 1n terminal holes 311
and 312 of the cap plate, and lead tabs 51 and 52 connecting
the electrodes 41 and 42 to the electrode assembly 10 by
welding.

The electrode assembly 10 includes an insulating separator
13, a positive electrode 11, and a negative electrode 12. The
positive electrode 11 and the negative electrode 12 are respec-
tively disposed on both sides of the separator 13, and the
clectrode assembly 10 1s formed 1n a jelly roll shape by
winding the positive and negative electrodes 11 and 12
together with the separator 13. The positive electrode 11 and
the negative electrode 12 respectively include a current col-
lector formed with a thin metallic fo1l and an active material
coated on the surface of the current collector. The positive
clectrode 11 and the negative electrode 12 may be partitioned
to have a coated region C (refer to FIG. 3) where an active
material 1s coated on a current collector and uncoated regions
111 and 121 where the current collector 1s not coated with the
active material. The coated region C forms most of the posi-
tive and negative electrodes 11 and 12, and 1s arranged at both
sides of the coated region C 1n a jelly roll state.

The uncoated regions 111 and 121 and the lead tabs 51 and
52 are respectively formed 1n the positive electrode 11 and the
negative electrode 12 with the same structure. FIG. 3 1s an
exploded perspective view of an electrode assembly and a
lead tab with respect to the positive electrode 11. Thus, the
uncoated region 111 and the lead tab 51 at the positive elec-
trode 11 will be exemplarily described. The uncoated region
111 1s continuously wound such that the end of the uncoated
region 111 forms lines that are gradually increased from the
same center line. The lead tab 51 includes a connection por-
tion 511 connected (coupled) to the electrode terminal 41 and
a current collecting portion 512 formed being bent at one side
of the connection portion 311 and welded to the uncoated
region 111 by ultrasonic welding and/or laser welding. The
connection portion 311 defines a first fastening portion (hole)
61 opened toward the electrode terminal 41 for connection
with the electrode terminal 41 and a second fastening portion
(hole) 62 disposed parallel with the first fastening portion

(hole) 61.

5

10

15

20

25

30

35

40

45

50

55

60

65

4

Referring back to FIG. 1 and FIG. 2, a case 20 wholly
outlines the rechargeable battery 100, and 1s formed with a
conductive metal such as aluminum, aluminum alloy, or
nickel-plated steel. The case 20 provides a space for housing
the electrode assembly 10. For example, the case 20 may be
formed 1n a hexahedral shape having an opening at one side to
receive the electrode assembly 10. The opening faces upward
in the drawing.

The cap plate 30 1s formed as a thin plate, and coupled to
the opening to the case 20 to seal the opeming. The cap plate
30 1s formed to block the inside and the outside of the sealed
case 20. However, the inside and the output side of the cap
plate 30 can be connected (coupled) with each other as nec-
essary. For example, the cap plate 30 includes an electrolyte
solution 1nlet 32 for insertion of electrolyte solution to the
inside of the sealed case 20. After insertion of the electrolyte
solution, the electrolyte solution imnlet 32 1s sealed by a sealing
cap 33.

The cap plate 30 forms a vent hole 35, and includes a vent
plate 34 formed with a thinner plate than the cap plate 30 and
welded to the vent hole 35. When the internal pressure of the
case 20 1s increased to be over a set or predetermined level, the
vent plate 34 1s ruptured by gas generated from charging and
discharging of the electrode assembly 10 to prevent explosion
of the rechargeable battery 100.

The electrode terminals 41 and 42 are respectively pro-
vided in terminal holes 311 and 312 formed 1n the cap plate 30
to draw out the positive and negative electrodes 11 and 12 of
the electrode assembly 40 to the outside. For example, the
clectrode terminal 41 and 42 are respectively formed 1n the
terminal holes 311 and 312 by disposing an outer isulators
431 and 432 and inner insulators 441 and 442 thereto such
that the electrode terminals 41 and 42 are electrically 1nsu-
lated from the cap plate 30. The terminal holes 311 and 312,
the inner 1insulators 441 and 442, and the outer insulators 431
and 432 are respectively provided in the two electrode termi-
nals 41 and 42 with the same structures, and therefore the
electrode terminal 41, the terminal hole 311, the inner insu-
lator 441, and the outer insulator 431 formed at one side will
be exemplarily described.

The outer insulator 431 1s partially inserted into the termi-
nal hole 311 at the outer side of the cap plate 30 to electrically
insulate the electrode terminal 41 and the cap plate 30. That s,
the outer insulator 431 insulates the outer surface of the
clectrode terminal 41 and the outer surface of the cap plate 30,
and simultaneously insulates the outer surface of the elec-
trode terminal 41 and the 1nner surface of the terminal hole
311. The mnner insulator 441 electrically insulates the cap
plate 30 and the lead tab 51 at the inner side of the cap plate 30
corresponding to the terminal hole 311. That 1s, the 1nner
insulator 441 1nsulates the top surface of the lead tab 51 and
the inner surface of the cap plate 30 from each other.

FIG. 4 1s a cross-sectional view of the electrode terminal
and the connection portion of the lead tab. Reterring to FIG.
4, the electrode terminal 41 and the lead tab 51 are electrically
connected with each other by coupling and welding. A cou-
pling structure of the electrode terminal 41 and the lead tab 51
enhances fastening force of the electrode terminal 41 and the
lead tab 51 and increase supporting force of the lead tab 51.
For example, the electrode terminal 41 includes an 1nner
terminal plate 411 disposed at the inside of the cap plate 30, a
main and a first auxiliary coupling protrusions 412 and 413
coupled to the connection portion 511 of the lead tab 51, an
outer terminal plate 414 disposed at the outside of the cap
plate 30, and a screw-thread 415.

The 1nner terminal plate 411 1s disposed between the con-
nection portion 511 of the lead tab 51 and the inner insulator
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441 at the 1mner side of the cap plate 30. The inner terminal
plate 411, the connection portion 511 of the lead tab 51, and
the inner msulator 441 are parallel with the cap plate 30. In
this case, the mner terminal plate 411 maintains an electrical
insulation state with the cap plate 30 by the inner insulator

441.

The main coupling protrusion 412 extends from the elec-
trode terminal 41 and protrudes to the inside of the case 20
from the inner terminal plate 411 and, thus, 1s coupled to a
first fastening hole 61 of the connection portion 511 of the
lead tab 51 to secure the welding state between the 1nner
terminal plate 411 and the connection portion 511. For
example, the main coupling protrusion 412 1s inserted to the
first fastening hole 61 and coupled by caulking to electrically
connect the connection portion 311 of the lead tab 51 and the
inner terminal plate 411 of the electrode terminal 41. The
main coupling protrusion 412 1s formed at the center of the
inner terminal plate 411 to stably realize electrical connection
between the connection portion 511 of the lead tab 51 and the
inner terminal plate 411.

A first auxiliary coupling protrusion 413 protrudes 1n par-
allel with the main coupling protrusion 412 to the inside of the
case 20 from the 1mner terminal plate 411 at one side of the
main coupling protrusion 412, and then 1s coupled to a second
fastening hole 62 of the connection portion 511 of the lead tab
51 to secure the welding state between the inner terminal plate
411 and the connection portion 511. That 1s, the first auxiliary
coupling protrusion 413 coupled to the second fastening hole
62 prevents the left side of the connection portion 511 of the
lead tab 51 from drooping (refer to FIG. 4), and thereby
supports the welding state between the iner terminal plate
411 and the connection portion 511. Since the left side of the
connection portion 311 1s connected (coupled) to the elec-
trode assembly 10 through the current collecting portion 512,
a pulling down force due to vibration and the like may be
more strongly applied to the left side compared to that of the
right side. For example, the first auxiliary coupling protrusion
413 1s mserted into the second fastening hole 62 and then
fastened (coupled) by caulking to electrically connect the
connection portion 511 of the lead tab 31 with the inner
terminal plate 411 of the electrode terminal 41. The first
auxiliary coupling protrusion 413 1s formed between the main
coupling protrusion 412 and the end of the cap plate 30 to
increase supporting force of the connection portion 511 of the
lead tab 51. Thus, the connection portion 511 of the lead tab
51 forms a structure on the connection portion 511 that hangs
down from the inner terminal plate with the first auxiliary
coupling protrusion 413 in addition to the main coupling
protrusion 412.

As shown in the drawing, the diameter of the main coupling
protrusion 412 1s greater than the diameter of the first auxil-
1ary coupling protrusion 413 so that the diameter of the first
fastening hole 61 1s greater than that of the second fastening
hole 62. In the first exemplary embodiment, one auxiliary
coupling protrusion 413 1s formed in the 1nner terminal plate
411 and one second fastening hole 62 1s formed in the con-
nection portion 511 corresponding to the auxiliary coupling
protrusion 413. Alternatively, the auxiliary coupling protru-
s1on and the second fastening hole may be provided 1n plural
and coupled with each other. That 1s, more than two auxiliary
coupling protrusions may be provided and/or more than two
fastening holes may be provided. In addition, the auxiliary
coupling protrusion 413 may be imserted into the second
fastening hole 62 of the connection portion 311 and then
tastened by caulking, but it may be coupled by tight fitting or
loose fitting.
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FIG. 5 1s a cross-sectional view of an electrode terminal
and a connection portion of a lead tab i1n a rechargeable
battery according to a second exemplary embodiment of the
present invention. In the description of the rechargeable bat-
tery with reference to FIG. 5, descriptions of components of
the rechargeable battery 200 identical or similar to those of
the rechargeable battery 100 of the first exemplary embodi-
ment will be omitted, and different components will be
described.

In the rechargeable battery 200 according to the second
exemplary embodiment, first and second auxiliary coupling
protrusion 413 and 424 formed 1n an inner terminal plate 411
are formed as a pair at both sides with respect to the center of
a main coupling protrusion 412. In a connection portion 511
of a lead tab 251, a second fastening hole 62 and a third
fastening hole 63, respectively formed at both sides of a first
fastening hole 61 are provided as a pair to be respectively
coupled to the first auxiliary coupling protrusion 413 and the
second auxiliary coupling protrusion 424. The pair of first and
second auxiliary coupling protrusions 413 and 424, more
tightly couples the connection portion 511 of the lead tab 251
and the imner terminal plate 411 at both sides of the first
fastening hole 61.

In FIG. 3, the first and second auxiliary coupling protru-
s1ons 413 and 424 are maintained by 1nsertion into the second
fastening holes 62 and 63. The main coupling protrusion 412
1s inserted into the first fastening hole 61 and fastened by
caulking, and the connection portion 311 1s welded to the
inner terminal plate 411, and therefore, the connection por-
tion 511 of the lead tab 251 can improve supporting force and
also drooping can be prevented even though the auxiliary
coupling protrusion 413 is mserted in the second fastening
hole 62 without being caulked. In this case, the auxiliary
coupling protrusion 413 may be coupled to the second fas-
tening hole 62 by tight fitting or loose fitting. Compared to the
loose fitted, tight fitting of the auxiliary coupling protrusion
413 can further improve the support force of the connection
portion 311 of the lead tab 52. The first and second auxiliary
coupling protrusions 413 and 424 may more effectively sup-
port the connection portion 511 of the lead tab 251 by being
respectively caulked 1n the second fastening holes 62 and 63.

Referring to FIG. 4 and FIG. §, the outer terminal plate 414
1s provided in the outer side of the cap plate 30 by disposing
an outer isulator 431 such that it 1s electrically connected
(coupled) to the electrode terminal 41. For example, the outer
terminal plate 414 may be made of a material that 1s different
from that of the electrode terminal 41 and coupled thereto by
caulking. In addition, the screw-thread portion 415 may be
made of a material that 1s the same as that of the outer terminal
plate 414 and welded thereto. The electrode terminal 41 1s
coupled to the outer terminal plate 414 by caulking so that the
screw-thread portion 4135 can be welded to the outer terminal
plate 414. In this case, the outer terminal plate 414 and the
screw-thread portion 415 are made of a material having stron-
ger mechanical strength than the electrode terminal 41 such
that the screw-thread portion 415 has strong torque durability
when a bus bar 1s connected (coupled) to the screw-thread
portion 415 and a nut 1s fastened thereto.

FIG. 6 15 a cross-sectional view of an electrode terminal
and a connection portion of a lead tab of a rechargeable
battery according to a third exemplary embodiment of the
present invention. Referring to FIG. 6, an electrode terminal
341 of a rechargeable battery 300 according to the third
exemplary embodiment includes a screw-thread portion 343
formed at the outer side of a cap plate 30 and fastened by a nut
342. In the third exemplary embodiment, the electrode termi-
nal 341, an inner terminal plate 411, and the screw-thread
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portion 343 are made of the same material. Thus, a main
coupling protrusion 412 and a first auxiliary coupling protru-
sion 413 and a connection unit 511 and a lead tab 51 having
first and second fastening holes 61 and 62, respectively that
correspond to the main coupling protrusion 412 and the {first
auxiliary coupling protrusion 413, are not limited to the first
and second exemplary embodiments. That 1s, they may be
applied to the case that the electrode terminal 341 and the
screw-thread portion 343 are made of the same material (or
substantially the same maternial) as 1n the third exemplary
embodiment.

While the present invention has been described in connec-
tion with certain exemplary embodiments, 1t 1s to be under-
stood that the invention 1s not limited to the disclosed embodi-
ments, but, on the contrary, 1s intended to cover various
modifications and equivalent arrangements included within
the spirit and scope of the appended claims, and equivalents
thereol.

Description of symbols

100, 200, 300: rechargeable battery
11: positive electrode

13: separator

30: cap plate

33: sealing cap

10: electrode assembly

12: negative electrode

20: case

32: electrolyte solution inlet
34: vent plate

35: vent hole 41,42, 341: electrode terminal
51,52, 251: lead tab 61: first fastening hole

62, 63: second, third fastening hole 111, 121: uncoated region
311, 312: termuinal hole 342: nut

412: main coupling protrusion
413, 424 first, second auxiliary
coupling protrusion

414: outer terminal plate

431, 432 outer mmsulator

511: connection portion

415, 343 screw thread
441, 442 inner isulator
C: coated region

What 1s claimed 1s:
1. A rechargeable battery comprising: an electrode assem-
bly comprising:

an electrode assembly positive and negative electrodes at
both sides of a separator, wherein the positive and nega-
tive electrodes are wound together with the separator;

a case housing the electrode assembly therein;

a cap plate sealing an opening at one side of the case;

an electrode terminal 1n a terminal hole of the cap plate; and

a lead tab coupling the electrode terminal and the electrode
assembly 1n the case comprising a connection portion
defining a first fastening hole and a second fastening
hole,

wherein the electrode terminal comprises:

an 1nner terminal plate formed at an 1nner side of the cap
plate, and
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a main coupling protrusion and a first auxiliary coupling
protrusion protruding from the mner terminal plate, and
wherein the main coupling protrusion 1s coupled to the
connection portion of the lead tab via the first fastening
hole, and the first auxiliary coupling protrusion 1is
coupled to the connection portion of the lead tab via the
second fasteming hole, and wherein the main coupling
protrusion, the first auxiliary coupling protrusion, and
the mmmner terminal plate are electrically connected,
wherein the mner terminal plate 1s integrally formed
with the main coupling protrusion and the first auxiliary
coupling protrusion.

2. The rechargeable battery of claim 1, wherein the elec-
trode terminal further comprises a second auxiliary coupling
protrusion, and the connection portion of the lead tab further
defines a third fastening hole.

3. The rechargeable battery of claim 2, wherein the main
coupling protrusion 1s centered between the first auxiliary
coupling protrusion and the second auxiliary coupling pro-
trusion.

4. The rechargeable battery of claim 2, wherein the second
auxiliary coupling protrusion 1s coupled to the connection
portion of the lead tab via the third fastening hole.

5. The rechargeable battery of claim 1, wherein the first
auxiliary coupling protrusion 1s coupled to the connection
portion of the lead tab via the second fastening hole by caulk-
ing or tight fitting.

6. The rechargeable battery of claim 1, wherein the main
coupling protrusion 1s formed at a center of the inner terminal

plate and the first auxiliary coupling protrusion 1s formed
between the main coupling protrusion and an end of the cap
plate.

7. The rechargeable battery of claim 1, wherein the elec-
trode terminal further comprises an outer terminal plate pro-
vided at an outer side of the cap plate and a screw-thread
portion coupled to the outer terminal plate.

8. The rechargeable battery of claim 7, wherein the outer
terminal plate and the screw-thread portion are made of the
same material and are welded to each other.

9. The rechargeable battery of claim 8, wherein the outer
terminal plate and the electrode terminal are made of different
materials and are coupled to each other by caulking.

10. The rechargeable battery of claim 1, wherein the elec-
trode terminal further comprises a screw-thread portion fas-
tened by a nut provided at an outer side of the cap plate.

11. The rechargeable battery of claim 1, wherein the elec-
trode terminal further comprises at least another auxiliary
coupling protrusion, and the lead tab further defines at least
another fastening hole.

¥ ¥ # ¥ ¥
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